THE CEHEHRAL EISSIH^ES OE THE ATLANTK' WALKHS. 



By PiKRUR A. Fisii. 

Of ConnH Unirfrstliiy Ithani, Xftr York. 



Throuo*h the eourtos}^ of the of the V. S. National Museum 

there were sent to me, for examination and description, two walrus 
brains obtained for that institution by li. Stein at North Greenland, 
August 10, lOUl. The specimens had been preserved in a tiuid of 
which formaldehyde was appai’ently a constituent. In l)otli brains tlu‘ 
cerebellum had been removed by a section through tin' brain stem at 
the level of the junction of the optic thalanii with the mes(‘nc(‘phal. so 
that in the process of removal the epiphysis (pineal liody) remained 
attached to the eeivbellar portion: the two hemicerebrnms were then 
dividend 1 > 3 ' a medhin section. 

The two brains differed (piite markedly in size, the one ludng but 
slightly moi*e than half as large as the other. Tin' smalh'r of the two 
l)rains had suffered (juite material mutilation during its removal from 
the cranium, a considerable portion of thel)rain substance ha\ ing been 
lost from the riglit hemicerebrum. In the proc('ss of hardt'ning all of 
the hemicerebrnms had undergoin' considerable distoi'tion. The iiK'sal 
surface in ea(‘h case, instead of being relativ(‘ly flat, was vt'i v dis- 
tinctly ronvrx in its cephalo-caudal direction, and on this account 
the gyres (convolutions) and tissurc's of tin* lateral aspi'ct were' closely 
crowded together, remh'ring the study of tln'se ]iarts more diflicult. 
On this account, also, it was decich'd not to photograph the brains, as 
the r(dationship of the parts would Ix' misleading and tend to (*ause 
error and confusion to the ohservc'i*. The figure's which illustrate 
this article weiv sketched free'-hand, the' parts at the' same' tilin' being 
manipulated so as to bring them as nearly as possible to their normal 
relations. Ily care'fully verifying I'ach part on the brain itself as the' 
drawing pi*ogressed. it is be'lie'ved the' figures may be accepte'd as 
re])resenting with approximate accuracy tlie normal relationship of 
the more important ])arts. 

Wei(//(f. Turnci-^Ggive's the wt'ights of thn'e walrus brains “afte'r 
(’halK‘n^(‘r ia‘p‘nts, Zoolo.ixy, XXVI, ISSS, pj>. Sa-lli4. 
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the iviiioval of jind liiirdenino* in spirit/' Bmin A 

wtMgliod 24 ounces 7 drams avoirdui)ois; B \Ak ounces, and C 26 ’ 
ounc('s. In the specinnms examined by me only tlie larger of the two 
))rains was W(‘iglu‘d, all of th(‘ membranes having’ been removed fromi 
the c(M’(4)riim. but not from the (*er(d)ellum and the l)rain stem adja- - 
(•(‘lit to it, the }>ia and arachnoid still adhering. The total weight of I 
the lu‘ain uiuh'r th(‘se conditions was 2b oiinc(*s avoirdupois. The 
weight of th(‘ cer(‘briim without the ])ia was 22^ ounces, leaving ai 
wadght of t ounces for the cerebellum, oldongata, meseiicephal, and I 
c])iphysis, tlu‘ latt(‘r liaving adlu‘r(‘d to tlu‘ cereliellum. Turner has ' 
called att(‘ntioii the ri'iiiarkalile sizi' and h^af-like or ])vriform shape 
of the ejiiphysis (pineal body) in the walrus, Imt does not mention its 
weight. In my specimen it w’eighed 1 drain, 1 scrupl(‘, and 2> grains, , 
or a total of grains. 

FTSSrUES AND (tYKES. 

The olfactory tissure is scarcely represented; a slight, short depres- 
sion at the attachni(‘nt of th(‘ olfactory peduncle is all that can be found. 
Th(‘ olfactory bulbs w ere missing, but the peduncles have aliout the 
sani(‘ size as those in Callorhinus and Monachus. and are relatively 
much smalh'i’ than in the b(\ir. 

The rhinal tissure is Avell d(‘veloped. The olfactory peduncle for 
most of its length lies in this lissun*. At the base of the peduncle 
the rhinal swerves obliipiely in a caudo-lateral direction and is lost in 
the d(‘pths of th(‘ sylvian. It reach(‘s a considerable depth under the 
pr(‘sylvian lobe (suli-operculum). 

The ])ost rhinal is repr(‘sented mion the ventral surface as a short 
spur or outcrop of the submerged jiostica, resembling in this respect 
the condition found in Zalophus. Callorhinus, and Monachus. In Trsus 
and Bhoca th(‘ jiosl rhinal is a continuation of the rhinal caudad of the 
sylvian. 

L(ff< — Tho sylvian points in the usual dorso-caudal direc- 
tion on th(‘ latei’al surface. Jt is a straight tissure, and does not bifur- 
cate at its end. It measures b(i millimeters in length, and has a depth 
ranging from 20 to oO millimeters. It is the d(‘cpest tissure of the ])rain, 
extending to w ithin o milliim'ters of the lateral venti’icle (paraccel(‘). On 
o})(‘iiingthe sylvian tissure one sees a tissure, the presiipersylvian, (juite 
near the lateral surface of the heuiicer(‘))rui]i. The two tissures run 
nearly ])arallel w ith each other, but diverge dorsallv where the presu- 
persylvian becomes an ordinary surface tissure. From three to six minor 
submerged fissures are found in the cephalic w^all of the s}Tvian. These 
pass u])w ard toward the surfac(‘, and some have a superficial connec- 
tion with the jiresupersylvian, Imt the majority usually do not appear 
upon th(‘ lateral aspect of th(‘ brain. Submerged minor tissures also 
ap|)ear in the caudal wall of the sylviam These in general have the 
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same form and diiM^ction as those in th(‘ (*<‘phalir wall. On<‘ strikino- 
exception with regard to the direction of the snl)meru'(‘d tis.sni (‘s 1 have 
called attention to in a preceding payxn*.^^ This tissure I hav(‘ comyiared 
with the posti(*a. It cori'C'^ponds to a tissure of the sana* naiu(‘ in the 
feline brain, but ditfers in this instance, in that it is su])ua'rged in the 
sylvian. Ursus, Zalophus, rallorhinus, and Phoca also show this pecu- 
liaritv. The postica differs fi’om the other submerg(*d lissiires of the 
svlvinn by extending in a direction at nearly right angh‘s to them, that 
is, dorso-ventrally, paralleling approximately for a short distance that 
of the sylvian itself. 

The true insula is Init scarcely developed in the walrus, and ap])cars 
merelv as n slight elevation in the bottom of the sylvian tissur(\ The 
submerged gyre foi iued by tin* postica tissure may easily be mistaken 
fora well-devido])ed insula, as it has approximately a suitabh‘ location. 
Wh(‘ther the subnn'rg(‘d gyre lat(‘i* forms a closer i’(dationship with the 
true insula, and is the precursor of the moiv comyilicated insula found 
in the higher forms, is a (piestion that can not b(' answcued here. 
Ziehen^' describes in the walrus a well-develoyied insula divided by fis- 
sures into three gyres. 

.— This tissure arches around the distal end of 
the sylvian in the usual way. Its fiontal portion tlie presnpers 3 d- 
vian — passes close to tlu‘ s^dvian, cejnverging graduallv until near the 
base of the sylvian the presupersylvian l)ocomes a submm’ged fissure, 
cropping out later to a slight extent upon th<' ventral sui'face. 1 here 
is no evidence of a shallow or vadum indicating a separation of the 
presupersvlvian and the supersvlvian proper, as sometimes o(*curs in 
the fur seal. In ITioca the two fissures are entirelv distinct and iire 
without evideiu‘e even of a superficial connection. In the wali'us the 
two fissures an‘ continuous with each other, as in th<' dog and bear, 
and the dltferentiatio]i is therefore an arbiti’arv one. 

Perhaps the most ])uzzling feature' re'garding th(‘ tissiin's ol this 
specimen of the walrus Ijrain is tlui ri^lationshij) of the sup('rs> Ivian 
with the j)ostsupersylvian. riu' conditions appetir veiw much as in 
the l)rain of the sea lion (Zalophus). The apj)ar(‘ut y)os(siiy)ersvlvian 
is four times as far removed from tlu' svlvian as is th<' |)re‘suj)(‘]’svlvian. 
In this wide ai’ca l)ctwe(‘n the sylvian and y)ostsup<u*svlvian Zalo})hus 
shows a few minor fissures extending horizontally. In the walrus 
there are also minor fissures present in this are'a but also a faiidv veil- 
developed fissure nearl\' \(‘itical in its dii’i'ction, almost comuMding* 
with the sup('rsvlvian on the right hemicer(d)rum, but totally discon- 
nected on the left hemicerebrum. This vertical fissui-e setuiis to l)e too 
well developed to be classed with the minor fissures and its positioti 
and relations sug’g’cst the y)ossibilitv of its being a poorl\' d<'\a‘loped 

«Fish, The Brain of the Fur Seal {Callorhinns nrsinns), Keport of the Fur Seal 
Investigation, lS9()-97, pt. Ih pp. 21-40. 

Aiiatoniischer xVnzeiger, V, 1890, ]>p. (>92-709. 
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;ind (li.scomuM-tod post.supoi-s\ 1 vian tissui'o. In the cat there is usually 
a (liscomieetion Indween the supei-sy Ivian and postsupersylvian, and 
oeeasionally tiiis disconnection is seen in ('allorhinus and Monaehus. 
On the other hand, the vertical fissure is uiiich shallower than the 
sujXM syh ian, and the latt(M* is eontinuous with a deep and well- 
dev(‘lop('d fissure ai)parently corrc'spondino* with the postsupersylvian 
of the s(‘a lion, Phoea. I)('ar. and doo\ 

Th(' inatt(M‘ is furtlnu- coni])li(‘atcd by the fact that if this 1)0 regarded 
as the postsiipei-s\ Ivian. it is lonoer than usual, since it j)asses down 
from lln‘ latei'al surface' and a[)pears upon the ventral aspect, and lies, 
in |)ai’t, in the situation generally occu]ned by the ectolateral fissure. 
The (‘(‘tolateral ge'uerally oceu])ies a i)osition la'tween the postsui)er- 
svlvian and lateral tissmes; sometimes it comu'cts with the latei’al, but 
rarely with th(‘ postsupersylvian, although such a conneedion was once 
observed 1)V me on the hemieerebrum of a young fur seal. The exam- 
ination of a number of l)rains shows that the ectolat('i'al is a more 
varial)le and inconstant tissun^ than tin' postsu})ers\ Ivian, and in the 
pres(‘nl spc'cimen of the walrus l)rain it seems safer to infer that the 
postsiqx'rsylvian and ectolateral hav(' lain together to foian a long 
and (‘ontinuous fissure and that the vertical fissure al)ove mentioned is 
an unusually well-developed minor fissure. In the sea lion, where this 
region is so similar to that of the walrus, the postsupersylvian is a 
shorter fissure and is entirely disconnected from the ectolateral. 

Thr xi/lrla)) (jyre is that arch-like yiortion of the cortex around the 
s^dN'ian fissure iinduded within the boundary line formed by the siijier- 
sylvian and pi*e- and yiost-supersylvian fissures. The cephalic limi) of 
the gyre is narrow and completely sulimerged in the ventral thii’d of 
the sylvian fissure. The caudal limb has a much greater area, being 
easily four times as wide as the cephalic. A few minor fissures branch 
out from the sylvian into this frontal limb. The caudal limb has a 
greater nundier of these fissures, and one in particular is developed to 
such an extent as to suggest the possibility of its representing the 
postsui)(‘rsy Ivian. 

Lafrnil .Jissurc. fissure is unecjually developed on the two 

h('micerel)rums. The well-defined arch which it forms in some car- 
nivorous and seal bi’ains is not well rejiresented in the walrus. On 
the left hemicej’('l>rum it is apparently an interrupted fissui'e; a ]>U de 
or fold of coidex separates it a little in front of the level of 
th(' sylvian. From this point on it arches forward and downward. 
Caudally it does not (‘xtend Ix'vond the level of the caudal end of the 
su])ersylvian. On tin' right hemieerebrum, instead of arching in a 
caudal direction it (‘Xtends toward and nearly reaches the mesal surface. 
A short fissur(‘ having tin' direction tin' lat('ral should take is separated 
from th(' lateral pi’op<‘r liy a narrow y>// de Tin' lateral 

fi.ssui*(' of (he sea lion aci'ords quite closely with that of the walrus, in 
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that its cephalic portion is much hotter developed than the caudal. 
In Ursus, Callorhiiuis, Thoca, and aVIonachirs, on th(‘ other hand, the 
lateral is the lono*est fissure of the hrain. 

Ansatf^ J7ssun \ — No distinct line of se])aration exists in tlu' v alrus 
between the aiisate and tht‘ lateral, and the separation into individual 
fissures is therefore an ai'hitrary one. A like condition exists in the 
sea lion, hear, and doo\ In Phoca, Callorhinus, Monachus, and the 
cat some dift'erentiation exists. 

(oronal the left hemicerehriuu of the walrus tlienms 

no line of demai*(‘ation between the coronal, ansate. and lateral Hssuivs, 
and the three together a[>])ear as a long, continuous fissure' I'eaching 
ovei’ upon the ventral aspect. On the right lu‘mice]*(‘hi‘iim tin* coronal 
is an independent fissure, lieing separated from the ansate' by a />// de 
j)(h'<s(fgr or isthmus (> millimete'rs in width. On eae-h hemisphere' [lie 
extent of the coronal upon the ventral aspect is ejuite remai‘ka))le. 
It reaches nearly to the rhinal fissure' just in treint of the' svlvian. 
In the bear and sea lion the relation eit the coronal, ansate. and lateral 
fissures is epiite similar to that of the walrus. 

Su2)e7'sylvJan (jyye ^ — This gyi*e surreiunds the' sylvian gyre anel is 
bounded on the one side by the supersylvian and pre- anel peist- 
supersvlvian fissures; on the otlu'r side by the ceironal, ansate, and 
lateral fissui'es, and caudo-venti'ally liv a fissure' which coi*responds, in 
[losition, to the medilateral fissure. The fiontal and dorsal portions 
of this gyre are well developed, averaging oH millimete'rs in width. 
Numei’ous minor fissures, having a direction, in general, pe'rpendieai- 
lar to the lioundary fissures, break up the supersylvian gyre' into a 
number of secondary gyres. The caudal liml) of the sujiersylvian 
tapers until it reaches a width of only about 20 milliinetei's. this e*on- 
dition probably iieing due to the extraordinary width (do millimeters) 
of the sylvian gyre in this region. 

Ectolateral — This lissui'e has already bec'u discusse'el in ce>n- 

nection with the pe)stsupersylvian fissure. In the allied forms studied 
the ectolateral may or may not e'xtend ove'i* to the ^ entral surface 
of the brain. It may or may not coniK'ct e'ither with the lateu'al or 
postsupersylvian, or lie' between the two fissures. The fact that the 
postsupersylvian does uot as a rule reach to any extent upon the 
ventral aspect makes it seem probable that if the' e'edefiate'ral is at all 
repi-esenteHl upon the walrus bi‘ain it has fuse'd with the ])e)stsu[)e'i*- 
sylvian. On the left hemicerebrum it re‘ae*hes ne'aily to the' pe>st- 
rhinal fissure. On the right hemicerebrum it is shortei* and a minor 
fissure intervenes. 

J/edd(fter(d In some' forms the name' is ])ai’ticnlarly a|)pro- 

priate if it has any e‘e>nne'e*tie)u with the re*lation e>f the fissme' te> the 
meelian and lateral asj)e'cts of the' hemie*erebrum. Its situatie)n is 
never very far from the edgt' or margin separating these two aspects. 
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In .'<ome <“.ises it lies cxiictly aloii^' this margin (Monachus); in other 
cases it lies partly upon the lateral and partly upon the niesal surface 
(Callorhinus), or, as in Zalophus, it may be better seen upon the 
mesal aspeid. In the walrus it is better seen upon the lateral aspect. 
On the left hemic(M’el)rum it arches forward to the vertex, but does 
not (piite ivach the mesal margin. At this point another tissure 55 
millimeters in length continues forward from the mesal margin in the 
same direction that the medilateral would take if it were longer. The 
inferenc(‘ is that it is properly a portion of the medilateral cut oti' by 
a narrow isthmus of the cortex. 

Anothci* fissure, 70 millimeters in length, separated (from the fissure 
just desci’il)ed) by an isthmus 13 millimeters, continues forward and 
downward upon th(‘ mesal aspect as far as tlie ciaiciatc tissure, and has 
a slight snjH'rficial connection with it. The apj)earances indicate that 
the nu'dilateral on the left hemicerebrum is divided into three })or- 
tions — the caudal portion, 1)0 millimeters long, located on the lateral 
surface; tluMniddle poidion, 55 millimeters, l^dng in the margin between 
the niesal and lateral surfaces; and the cephalic portion, 70 millimeters 
long, lying entirely upon the mesal aspect. On the I'ight hemicere- 
In’iim tlie medilateral lies upon the dorso-lateral aspect and licgins far 
down on the caudal portion of the hemi(‘erebi*um, arching upward and 
forward as far as the vertex. It lies very close to the meso-lateral 
margin but recedes from it gradually until the vertex is reached. It 
is interrupted at this point by a coilical isthmus 5 millimeters wide. 
The cephalic portion of the tissure begins a little mesal to the termi- 
nation of the caudal portion. As it arches forward and downward it 
recedes from the mesal maigin and extends to a point a little beyond 
the crncinte. Turner figures the nuHlihitcral upon the lateral aspect 
of both luanicendirums of the walrus as a long uninterrupted fissure, 
(juite close to the mesal margin caudally but receding fi’om it as it 
arches downward and forward. In my specimen the medilateral is 
divid(‘d into two portions on the right hemicerebrum, both lying on the 
dorsolateral surface. On the left hemicereliriim it is divided into three 
])ortions and the fi'ontal ])ortion lies upon the mesal surface. If it 
were a continuous tissure it would l)c l)y far tlie longest fissure of the 
brain. 

( jixsurc. This fissure just cuts through the mesal margin 
cind exteiulsonly milliuK'ters ui)on the frontal portion of the lateral 
surface. On the left hemicerebrum there is a postcruciate fissure, 
triiadiati' in form, represented. The precniciate is not well repre- 
sented (‘xcept by a shoi’t fissure l^dng in the mesal margin, wliich 
fiis(‘s into the cruciate. On the right hemicerebrum the postcruciate 
is not n'presented as a distinct fissure. It ma^^ have become fused 

"Report on the souls collected during the voyage of II. INI. S. Challenger^ in the 
yeans 1873-1870, Zoology, XXVI, 1888, })p. 89-lk. 
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with the niedilateral, which at this point has a siipiM'ticial (‘oimection 
with the cruciate. There is no distinct evidence ot‘ a [irecrm-iate 
upon this heinicerebruin. On this account there is no an^a that inav he 
correlated in any way with the '‘Trsine Lozenge" Ihoiioht ])v ]\Iivart 
to be of considerable iinpoi-tance in showino- a relationship between 
the seals and the carnivora. In the walrus the cruciate area is quite 
similar to that of Phoca. In Monachus a slight oi- riidiinentarv 
^'Ursine Lozenge'^ may be detected. In Lrsus, Callorhinus, and 
Zalophus the ‘‘lozenge" is well developed. The sigmoid gyre sur- 
rounds the frontal ];>ortion of the cruciate fissure. 

Sitjyi’i'orhJtal fissurt , — This fissure occupies the usual ])osition upon 
the ventro-lateral surface of the frontal portion of the brain. On the 
left hemicerebrum it is about 50 millimeters in length. It arises near 
the rhinal fissure not far from the base of the olfactoiy pedumde. It 
curves laterally and then back again towai’d the mesal aspect so that 
its termination is covered by the olfactory bulb. At the lower third 
of its course it gives off a short and very superficial lateral branch. 
On the right hemicerebrum the fissure is very similar to that on the 
left, except that the lateral branch is much smaller. 

Laterai (j)jrc (^lediolateral convolution of Turner). — In the pres- 
ent specimen this gyre is not well represented upon the caudal portion 
of the brain. The short length of the lateral fissure brings about the 
unusual condition of having the mediolateral fissure form a portion of 
the boundary of the supersvlvian gyre. In this case, therefore, the 
niedilateral gyre begins well up toward the vertex in a tapering 
manner and gradually liecomes wider as it arches toward the frontal 
portion of the brain, attaining a width of from 30 to 4o millimeters in 
its widest parts. Like the supersvlvian gyre, it contains a number of 
minor fissures. 

Mar(jhutl or sagittal gyre , — On the left hemicei’ebriun this is a v(‘rv 
naiTOAV gyre and is represented only on the caudal portion. It dis- 
ap])ears at the vertex. This disappeaiance is due to the fact that the 
frontal portion of the interrupted niedilateral fissure lies upon the 
mesal aspect. Two or three traces of minor fissur(\s appiair in tin' left 
saggittal gvre. On the right hemicerebrum the gvre has a fair width 
in its caudal portion, but becomes narrower, until at the vertex it 
almost disajipears, but it gradually widens again until in the frontal 
portion it attains the width of IT millimeters. On this Inanicerebrum 
there are a number of quite well-developed minor fissures present, 
which in almost every instance extend over upon the nn'sal surface. 

Prt and post sylrian arras, — The post sylvian region comprises the 
unusually wide caudal limb of tin' sylvian gyre, the supersvlvian gyre, 
and the narrow marginal (or sagittal) gyre. The presylvian region 
includes the very narrow frontal limb of the sylvian gyre, and the 
wide frontal limbs of the supersvlvian and medilateral gyres. On the 
Proc. X. M. vol. xxvi — A'2 4d 
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rioiit the innro-inul <j^'yre should he iiududed. Tlie pi‘e- 

svlvitin 1ms ;i oTeatei* an‘u than the postsyl\ iaii i‘('oMon. The former is 
mad(' up mostly of the medilatcral and su])ersylviau oyres and the 
lattei’ hy the sylvian and sin)ersylvian ^’vres. 



MESAL ASPECT. 



Jissun d'his oecui)ies tlie usual position. It is seeji i 
arehino’ from tin* spienium of the (‘allosum around the o])tic thalamus ' 
to the tip of tln^ jn iaform oi- tem})oral lol)e. 

( \tlloxal As its naim^ indicates, it is closely related to the 

callosum. It S(*paiates the callosum from the adjacent cortex. It is • 
deepest in the reo-ion of the spienium and gradually ^’rows shallower i 
until as it curves around the o*enu it becomes Hush with the surface. . 
On the rioht hemic(‘r(d)riuii it diverges somewhat from tlie genu of 1 
the callosum. 

Splrnifti re . — This tissure is w ell developed in the wmlrus and 1 

occuiiies the usual ])osition upon the tentorial surface of the lirain. It I 
arclios u})ward and forward, curving around the spienium on the mesal 
suj*fac(v On tln^- right hemicerebrum it is a continuous tissure and 
extends as fai* as the frontal portion of the callosum; it tlien extends 
upw ard almost vertically nearl}" to the dorsal margin of the hemiceie- 
brum. On the left hemicerebrum the tissure is interrupted. Its ten- 
torial })ortion stops at tin' lev(d of the spienium. The mesal portion 
begins as two small superficial fissures converging in a foi’k-like man- 
ner to form th(^ mesal splenial propel'. At th(‘ level of the genu it I 
terminates in a fork, the lowin' branch passing nearly to the frontal 
margin of the hemicerebrum. In neither case did the splenial con- 
nect w ith the (‘I'uciate, as descril>cd by Turner in his siieeimcns. On 
the right hemicerebrum there w^as a slight indication of a superficial 
connection, but a siilm^iergcd gyre or buttress shut ofi' any free 
communi(*ation. j 

Iltppnnunpal (jyn , — Aiis gyre lies upon the tentorial surface of the 
brain. It foi'ins the moh^^ of the mesal portion of the pyriform or hip- 
po(‘am])al lol)e. It take*'^ "^he same general direction as the hippocampal 
fissure (which forms its ‘phalic or inner lioundary), arching upw^ard 
to the lev(d of the sphn am. Its caudal boundary is formed b}" the» 
tentoi'ial })ortion of thci^plcuial fissure. The hippocam])al gyre aver- 
ages !.■') millimeters in wddth and possesses a t\wv minor fissures, wdiich 
in the main are oilslioots fi'o the splenial and have a horizontal direc- 
tion. On the h'ft hcmicendxrum, lying in the hippocampal gyre just 
caudal to the spienium, is a a nT shallow^ sulcus corresponding in posi- 
tion to lh(‘ fissura sublimi(*a> Kiikenthal. It is not noticeable upon 
the right hemicerebrum. 

CaHora/ (/(frr. — This, as th(\|iame indicates, lies just dorsal to the 
callosum. It is a narroAv gyre and its average width is about 10 milli- 
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meters. Only one or two faint traces of iniiioi' lissui'cs are e\ i(lent. 
It is tile simplest <^yre of the hrain and is continuous w itii the hipj)o- 
campal ai-oimcl the spleniuin of tlu‘ callosum. 

J^ri'splennil ^fssur<\ tissnre is not \V(‘1I re|)res(‘nte(l on (‘itlnn- 

hemic'erehrnm of the walrus. On the rioht lumiicerelnaim a shallow 
and short V(‘rtical tissuiv may indicate it. On the hd't h(miieen‘l)runi 
the only represemtati ve of it would 1 h‘ th(‘ iippiu- hi'aneh of th(‘ frontal 
portion of tlie splenial. Neither Turner nor Zi(‘hen tii>in*os or (h'seriln's 
its presence. The tissura snhlimica anterioi* is not shoNvn at all unh'ss. 
as in Kiikenthars diaii’ram, it is confused with the ci’uciate. 

Jis.siitu'. — In Phoea and Calloi'hinns the timtorial poi’tion 
of the splenial terminates in a bifiu’cation, the caudal horizontal liraneh 
of which is called th<‘ post splenial. This is not the case in my s])eci- 
men of the waliais brain. Respecting' thi.^ region in the wali’us, Turnei* 
says : 

]>ehind and below the end nf the specimen the .splenial tissnre ^^ave off a postero- 
horizontal fissure, which, rnniiiii^ liorizontally l)ackward, extended almost to tlu‘ 
posterior border of the hemisphere. * * * The ])ost-splenial fissim^ of l\rm*g 
was situated ))ehind the ascending part of the splenial tissnre and ran l)ackward and 
upward nearly to the posterior border of the hemis}»hei e 1h*1<jw tlu‘ [)ostero-horiz<»ntal 
fissure. It was separate<l from tlie splenial tissnre by the s])lenial convolution, which 
is consequently Ixmnded in front by the S})lenial and behind by the ])ost-splenial 
fissure. 

On th(' left hemicerebrnm of my speciimm thejH' is a small fissure 
15 millimeters in leno'th which corres})onds in position to the postiu'o- 
horizontal of Turner. On the rio'ht hemicerebrum a mere spur 5 
millimeters lono- fi'om the sphmial represents it. 

With reo'urd to the post splenial there is found on the riq’ht hemi- 
cerebrum a well-develo])ed vertical fissure branchino- out of the splenial 
not far from its tentorial orio-in. This I regard as the post-splenial 
fissure, altliough its direction is \ ertical anc' not horizontal. On the 
left hemicerebrum there is no connection between the splenial and 
what I regard as the post splenial. Tiie tissifr<‘ is not so Avcdl dev(‘l- 
oped as that described by Turner, unless in ! y specimen it is an int(‘r- 
riipted fissure. An unnamed but well -de\^ 'loped tissuin' ('xt(‘nding’ 
dorsally is separated from what I consider tlu- host splenial iiy a coidical 
isthmus of only 4 milliim'ters' width. Tlh'^iipi)earances suggest an 
interrupted tissim'. Turner does not dcsc.rva any connection betwc'en 
the post-splenial and splenial tissures, but calls tluMutervening space 
the sphmial convolution (gyre). 

Jfaiyhtol pssnr<. In Zalophus, Ph(a‘\ and Callorhinus this is a 
well-develo[)('d fissure lying ludweem a: approximately jiaralhd with, 

the splenial and medilateral fissures. ’ ^eems to corn'spond in many 
cases with the supmsplenial fissure of x ^iieg. and in sonu* siiecial cases 
with the combined post and siip7*a s^ denial of the same author. In 
the walrus the maiginal is not especially well de\'eloped. On both 
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lieinic(‘rel)i-uins thoiv is a fair-sized tissure occupying the proper loca- 
tion. The appearances are very su^^gestive of those in Monachu.s, 
where the lissure is relatively short and undeveloped and sonietiines 
a])pears inten-iipted. On the left heniicerebrum where the splenial is 
interrupted there is a lissure dorsal to, and running parallel with, the 
1 ‘allosal ])ortion of the splenial. From its position the name supra- 
splenial would be very a})propriate, although in some respects it differs 
from ICrueg's. On the right hemicerebrum it is not represented. 

M(n\fhml (jyre. — This, in general, refers to the coi’tical area lying! 
between the splenial and medilateral lissures. and would therefore 
iiudude. in the walrus, the dorsal margin of the hemicere1)runi, on i 
aci‘ount of the extended development of the medilateral lissure. 
What 1 have described as the marginal lissure lies within this g^U’e. 
and the name therefore seems appropriate. 

Col/afcr((/ — This fissure appeal’s upon the tentorial surface, 

and is perhaps best seen on the ventral or mesal aspect. Its form is 
somewhat arched, and it lies ventrally to the origin of the splenial. 
It begins not far from the hippocampal, and its termination caiidally 
is usualh^ more or less closely associated with either the lateral or 
medilateral fissure, so that in some cases, at least, it may appear upon 
the ventro-lateral aspect of the hemicerebrum. 

Getnffd f^MKre . — This is commonly a shalloAv lissure, lying in front 
of and is more or less closely associated with the genu of the callosmn, 
from which fact it takes its name. It is found in both hemiceri'brunis 
of the walrus. On the left it has a short frontal branch Avhich con- 
nects supei’fi(‘ially with an unnamed minoi’ fissure. On the right hemi- 
cerebrum it is farther removed from the genu, and ventrally it fuses 
with the rostral fissure. 

Rostnd Jims n re. — Vh\^ is also a shallow fissure and lies nearer to the 
fi’ontal mai’gin of the hemicerebrum. On the left it is a sti’aight fis- 
sure' 80 iniHiim'ters long. On the right hemicerebrum it is of the 
same' length, and its dorsal end reaches the margin. On account of 
the convergence of the rostral and genual lissui’cs tin* basal or ventral 
thii’d re'presents a combination of these two fissures. 

7 he lateral rentrieJe. (paracoeld). — On removing the dorsal portion of 
th(‘ hemicerebrum just dorsal to the callosum the lateral ventricle is 
revealed. The cavity dips cephalo-ventrad. ending blindlv, to form the 
})r(‘coinu; it also dips caudo-latero-ventrad to form the medicornu. 
The striatum (caudate nucleus) is a convex and well-defined body 
forming the most of the ffoorand lateral side of the precornu. Paral- 
lel with th(‘ obli(|ue caudal margin of the striatum is the limbrial mar- 
gin of th(‘ hippocamp, which, extending down into the medicornu, 
forms with the hip])ocamp the ffoor of this cavitv* Between these 
two margins (striatum and fimbria) — the rima (great transverse fissure), 
the choroid (j)ara) plexus — a continuation of the velum enters the ffoor 
of the medicornu. The rima is narrow and the thalamus does not 
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appear at all in the tioor of the ventricle. A slig-ht eaiulal projection 
of the cavity, at the beo'inning of the medieornii, extending- just 
lieyond the level of the splenial tissiire, represents the post(‘ornu. In 
his dissection of the walrus brain. Turner shows no indication of a 
I postcormi, l)ut in the text he states: "AVhere the cavity of the ven- 
tricle curved downward and outward into the horn, an indication of a 
recess was seen in its posterior horn, l)ut it did not amount to a cornu 
and there was no elevation which could be called a hippocaiu]ms minor.” 
In Ursus there is no postcornu. In Callorhinus a slight caudal spur of 
the cavity indictites its position. Zalophus was not examined in this 
region. In iMonachus there is a fairlv well-developed postcornn. 
Murie describes a well-developed iiostcornu in the iNIanatee and Otai’ia, 
and in both a well-developed hippocampus minor or calcar. In PJmca 
vituVnui the postcornu is relatively large, and the hippocampus minor 
is well developed, being correlated with the splenial fissure and making 
of it, for a portion of its course at least, a total fissure. 

Tcrmhiologif . — A difiiculty of some importance is the selection of 
the terms to be employed in the description of the fissures and gyres, 
particularly in the brain of the Pinnipedia, where the literature is not 
especiall}" abundant. The literature on the carnivorous brain is more 
extensive, but as many authors have employed terms of their own 
without reference to the nomenclature used by others, some confusion 
has naturally resulted. It has therefore seemed l)est in the present 
case not to follow the terminology of any one author, but to use those 
terms which, by their special fitness, seemed most appi’opriate. On 
this account the priority of terms has not been especially considered, 
for in some cases later investigations have shown that some of the 
earlier terms were not the best to use in considering the homologies 
l)etween the various forms. 

Some of the more common syimnyms of the names of the various 
fissures used in this ai’ticle are as follows: The supersylvian is very 
commonly called the suprasylvian. Turmu’ and Gratiolet have appar- 
ently confused this fissure with the lateral in Phoca. I have preferred 
the term postsupersylvian, as used by Krueg, Turner, and others, to 
postsylvian, as recommended by Owen and Wilder. The term pre- 
snpersylvian has been introduced to apply to what is commonly 
des(‘ril)ed as the anterior or frontal portion of the supersylvian or the 
ectosylvia antica of Ziehen. The superoi-bital of Flower tind ^A ilder 
is preferred to the ijitraorbital of Turner and Langh' v. This lissure has 
also been designated as the ])resylvian 1)V Krueg and others. The 
term presylvian has also l)een applied by some writers to descri))c what 
commonly appears to be tin' coronal fissni*e. Cruciate is retained, as is 
done by most writers, although frontal fissure is the term originally 
suggested l)y Owen. I hav(* also employed the tei in marginal fissure, 
as used by Owen and Wilder, instead of suprasj)lenial, Jis used by Krueg 
and Turner. 
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SUMMARY. 

After obliterating the nunieroirs minor tissni’e.^ and the brandies of 
the ]n inei])al tissiires fiom the cerebiaini of tlie walrus tlunv is left a 
verv good lissiiral pattern resembling, in general, the typical ai*range- 
inent of tin* tissinvs in the brain of earnivoi'ons animals. As in the 
eat. dog. and ))eai% the jiresylvian area is greater in hnigth than the 
postsv Irian. In tin' sini lion the two areas ar<^ about equal. In Mon- 
aehus. Uallorhinus. and Phoea the postsylvian area is longer than the 
pn\syl\ ian. 

The epi})hysis is very highly developed in the walnis. and in the seals 
it is inu(‘h ludter developed than in carnivora. The olfactory bulbs 
and pcnlunch's i*eseml)le those of the seals and do not attain as ndatively 
gi ('at development as in carnivora. The. postihinal resembles the con- 
ditions in Zalophus. Callorhinus. and Monachus. The lissure ])ostica 
reseinl)les that of Ursus, Zalophus, Callorhinus. and Phoea. The 
supt'rsylvian I’esiunbles that of the dog and bear. The postsn])(U*syh 
vian is cori’elated more closely with that of Zalophus than in any of 
tlu' other forms studied. The ectolateral, by fusing with tin' post- 
supervlvian. difi'ers from any of tlu‘ otlu'r foi’ins. The lateral fissure 
corn'sponds with Zalophus in that it is relativtdy short. The ansate 
lissure I'esembles the condition found in Zalophus, Ursus, and C^anis. 
The coronal is quite similar to that in Ui*sus and Zalophus. The 
medilah'ral dillers from that of the other foi'ins in that it is interrupted; 
if considered as a continuous fissure it would be the longest fissure of 
the brain. The cruciate resembles the conditions foimd in Phoea and 
Monachus. The splenial accords more closely with the (‘onditions 
found in Zalophus and Monachus. Tin' marginal tissurc' rest'iubles 
that of Monachus; it is not especially av(‘ 11 (U'veloped. The d('V(dop- 
iiK'nt of tin* postcornu suggests a condition between that found in 
Callorhinus on the one hand and Monachus on the other. 

As a matter of (‘onveni(*n(‘e, a tal)l(* of tin*. moi*e important regions 
in th(* re])i*(*s(*ntativ(*s of the differetit groups examined is liei’owith 
appc'udc'd: 



Region. 


Trsns. 


Callorlnnus. 


^ Zalophns. 


Rosmarns. 


Monachus. 


Pho(‘a. 


S u l>ii ssuro 
l»ostien(?). 


1 ’resent 


r resent 


pR'sent 


Present 


! Not V e r y 
distinct. 


I’re.seiit. 


I’ostrliiiml. . 


Con ti nua- 


Con nee ts 


Conneets 


C(Mi n eet .s 


]Mere trace, 


Con tin n a- 




tion of 


witli i)os- 


with ])os- 


with i»os- 


very sn- | 


tion of rlii- 


1* rosti i»er- 
sylvian. 


r h i n a 1, 
e X e e )►- 
t i (Ml a lly 
l>ostiea. ” 


liea. 


tiea. 


tiea. 


X>efficial. 
e 0 n n ec- 
tion with 
postiea. 


nal. 


(’ontinuous 
with sn- 
; i»ersyl- 
1 vian. 


S(j me times 
d i s e o n 
neetod. 


(Nmtimious. 


CoiKiniious. 


Continuous. 


Diseonnecd- 

ed. 


l*os (.su]H>r- 
sylvian. 


' (’ontinnoii.s 
j with sn- 
1 > e r s y 1- 
1 vian. 


Mayor may 
not lieeon- 
tinuons. 


< 'oiitinnons. 


(Nnitinnoiis. 

1 


Mayor may 
not he con- 
tinuous. 


Csually con- 
tinuous. 
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No. 


Region. 


Ursus. 


Callorhinus. 


Zalophus 


Rosmarus. 


Monaehus. 


Phoea. 


5 


Precruciate. 


Mostly dor- 
sal. 


Dorsal 


Dorsal 


Presence 

doubtful. 


Mesal and 
dorsal. 


Not clearly 
shown. 


6 


Cruciate 


Dorsal 


Dorsal 


Dorsal 


Mesal and 
dorsal. 


Mesal and 
dor.:al. 


.Mesal an<l 
dorsal. 


7 


I’ostoruoiate 


Present 


Present 


Pr(*sent 


S ometimes 
not dis- 
tinct. 


R u d iiiH'U- 
tary. 


Present. 


s 


Medilateral. 


Present 


Present 


Present 


Long and 
d i s c o n- 
neeted. 


Present 


A series f»f 
small (lis- 
eonincted 
tissures. 


9 


Margina) ... 


Absent 


F’resen t 


Present 


Present 


Short, inter 
r u i> t e d 
fissures. 


Present. 


10 


Collateral .. 


Absent 


Present 


! Rudimen- 
tary. 


Present 


Present 


Present. 


11 


1 Minor fis- 
1 sures. 


Rare 


(iuite nu- 
merous 


Not many . . 

1 


Numerous , . 


finite nu- 
merous. 


ipiite nu- 
merous. 


12 


“Ursine 
i Lozenge.” 


Present 


Present 


Present 


Not distinct. 


Small 


.\bsent. 


13 


Postcornn . . 


Absent 


R udimen- 
tary. 


(?) 


Small 


Fair size 


Large. 


14 


Calcar, 
i (H ippo- 
campus 
1 minor. ) 


Absent 


Absent 


i u) 


Absent 


Indistinct .. 


V e r y <1 i s- 
tin’et. 


15 

1() 


Tnsolji 


Slight 

Presylvian 


Slight 

Postsylvian 


Slight 


Slight 

Presylvian 


Slight 


Slight. 

Postsylvian 


i^ r e an d 


The t 0 


Postsylvian 




post sylvi- 
an areas. 


area lon- 
ger. 


longer. 


ar«‘as ap- 
p r o X i- 
m a t e 1 y 
equal. 


area lon- 
ger. 


longer. 


longer. 
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EXPLANATION OF PLATES. 



ans. 


AnsaU' fissure. 


ml. 


= IMedilateral fissure. 


nil. 


Oallosnm. 


per 


= Posteruciate fissiiriL 


r. (j. 


(\illosal gyre. 


ph. 


= Postero-horizontal fissure. 


cl. 


- Callosal fissure. 


prspl. 


= Presplenial fissure. 


n}l. 


- Collatei’al fissure. 


prss. 


= Presiipersylvian fissure. 


cor. 


= Coronal fissure. 


pxpL 


= Postsplenial fissure. 


rr. 


— Crueiat(‘ fissure. 


J).svs. 


= Postsupersylvian fissure. 


cl. 


= Eetolat(*ral fissure. 


r. 


= Rostral fissure. 


ih 


— ( Jennal fissure. 


so. 


= Superorbital fi.ssure. 


h. 


— 1 lij»]io(‘ampal fissure. 


spl. 


= Sj)lenial fi.s'^ure. 


h. (j. 


IIippneamj)al gyre. 


.Sljl. 


= Sylvian fissure. 


1. 


= Lateral fissure. 


ss. 


= Supersylvian fissure. 


1. ij. 


= Lateral gyre. 


.S)/l. (J. 


= Sylvian gyre. 


laai'i). 


= Marginal fissure. 


ss. (J. 


= Supersylvian gyre. 


m. (J. 


= Marginal gyre. 







Plate XXVIII. 

Fig. 1. Lateral aspect of the left hemicerebruin of Romnarus rosmarns. The various 
fissures were sounded and the numbers reju'esent the depth in millimeters of the fis- 
sure at that jioint. 

Fig. 2. Lateral aspect of the right hemicerebrinn of Rosmarns vosmarm. The num- 
bers reju'esent the soiiutling of the fissures as in fig. 1. 

Plate XXJX. 

Fig. 2. Mesal aspect of the left hemieerel)rnm of Rosmarns rosmarns. 

Fig. 4. Mesal aspe(d of the right hemieerelirum of Rosmarns rosmarns. 



